Abstract Diagnosis and treatment of Alzheimer's disease (AD) depend on clinical evaluation and there is a strong need for an objective tool as a biomarker. Our group has investigated brain oscillatory responses in a small group of AD subjects. We found that the de novo (untreated) AD group differs from both the cholinergically-treated AD group and aged-matched healthy controls in theta and delta responses over left frontal-central areas after cognitive stimulation. On the contrary, the difference observed in AD groups upon a sensory visual stimulation includes response increase over primary or secondary visual sensorial areas compared to controls. These findings imply at least two different neural networks, depending on type of stimulation (i.e. cognitive or sensory). The default mode defined as activity in resting state in AD seems to be affected electrophysiologically. Coherences are also very valuable in observing the group differences, especially when a cognitive stimulus is applied. In healthy controls, higher coherence values are elicited after a cognitive stimulus than after a sensory task. Our findings support the notion of disconnectivity of cortico-cortical connections in AD. The differences in comparison of oscillatory responses upon sensory and cognitive stimulations and their role as a biomarker in AD await further investigation in series with a greater number of subjects.
Introduction
Alzheimer's disease (AD) is one of the most devastating neurodegenerative diseases of elderly populations (Ferri et al. 2005) . The pathology affects the temporolimbic area first and then extends to parietal and frontal lobes with relatively preserved primary motor and primary sensory areas (Braak et al. 1993) . Even though many factors can influence its clinical presentation, including gender, education or socio-economical background, (Keskinoglu et al. 2006) , its diagnosis or treatment monitoring mainly depends on clinical interpretation. Therefore, there is a strong need to develop objective tools for management of this disease.
Although analysis of oscillatory processes gained tremendous importance in recent years, most of the work has focused on the analysis of spontaneous EEG oscillations. The major disturbances of EEG in AD can be summarized as posterior slowing of the EEG, reduced synchrony and complexity of the EEG (Dauwels et al. 2010 ). There are successful approaches indicating that EEG may serve as a biomarker for diagnosis of mild cognitive impairment and possibly also in AD (Yener et al. 1996; Babiloni et al. 2004 Babiloni et al. , 2006a . Moreover, as reviewed by Başar and Güntekin (2008) , the trend of analyzing cognitive neurodynamics is fast increasing in clinical applications, including the effects of transmitters. The brain dynamics in neuropsychiatric disorders (Herrmann and Demiralp 2005; Başar-Eroglu et al. 2008; Ö zerdem et al. 2008a, b; Ö zerdem et al. 2010) can be investigated by either a linear approaches as it will be mentioned in the present review or by non-linear approaches (Jelles et al. 1999; Jeong 2004 ) that will not be focus of the present paper.
In healthy subjects genetics also contributes to brain responses, since the theta band energy seen in P300 experiments is related to cholinergic receptor gene (Jones et al. 2006) , and human nicotinic receptor gene modulates auditory and visual event related potentials (Espeseth et al. 2007) .
Event related synchronization (ERS) analysis is elicited by recording EEG during a mental task. Mild cognitive disorder (MCI) is defined as subjective memory complaint with an objective decrease in memory tests with no loss in daily activities. It has a higher conversion rate to dementia. When two subgroups of MCI (i.e. the progressive group and the stable group) were compared; the progressive group which is considered as pre-dementia state had lower theta ERS. Also cognitive decline and theta ERS showed a relationship (Missonier et al. 2006) . Similar to previous findings by Yener et al. 2009 , showing higher occipital sensory visual evoked oscillation responses in AD, Osipova et al. (2006) reported increased responses of magnetoencephalography after auditory steady state 40 Hz sensory stimulation over sensory cortex, i.e. temporal lobe, in AD. As goal directed functioning requires a balance between inhibitory or excitatory inputs in the cortex, irrelevant repetitive stimulation with less cognitive load should yield to lower oscillatory responses. However, decreased inhibition of cortical auditory or visual processing, possibly due to decreased prefrontal activity, may lead to increased sensory evoked cortical responses in AD.
Several ensembles of resting-EEG oscillatory response measures were suggested on individual basis as a possible biomarker, however the automated results seemed to be less sensitive than clinicians' rates (Dauwels et al. 2010; Polikar et al. 2007) or as good as the clinical assessment (Rossini et al. 2008 ). de Haan et al. (2008 reported that temporo-parietal regions showed greater difference between healthy elderly and AD subjects. The beta band, especially in the right occipital area had the greatest sensitivity (94%) and specificity (78%) in quantitative relative power analysis of magnetoencephalography recordings.
Another oscillatory dynamics study on early visual processing indicated topographic differences that distingish between healthy elderly, MCI and mild AD subjects during early visual processing (Haupt et al. 2008) .
Even though involvement of the visual cortex is not well recognized in AD, it has been reported in the later stages of the disease (Braak et al. 1993; Hof and Morrison 1990; Lewis et al. 1987) . More recent clinical reports, indicating either abnormalities in visuospatial abilities and visual memory (Monacelli et al. 2003; Kawas et al. 2003) or functional neuroimaging studies (Buckner et al. 2005; Drzezga et al. 2003) , suggest that posterior cortical areas subserving visual processing are affected early in the course of disease. In a neuropathological study on healthy elderly, MCI and AD subjects, the visual association area was found to show dense neurofibrillary tangles (McKee et al. 2006) . Most probably, cortical areas under heavy cognitive load, such as those involved in secondary associative processing, are more vulnerable to AD pathology than primary sensory areas (Morrison et al. 1987) , since these regions need to develop highly adaptive and structurally dynamic connections (Stepanyants et al. 2002) . Also, the primary visual cortex has generally been regarded as relatively preserved in AD, yet it shows decreased numbers of cholinergic fibers (Beach and McGeer 1992) and less enzyme activity in this area (Beelke and Sannita 2002; Davis et al. 1999) . Pathological degenerative markers, including neurofibrillary tangles (NFTs) and amyloid plaques, also occur in the primary visual cortex (Morrison et al. 1991) . Some visuospatial tasks have activated occipital cortex (Zeki et al. 1991) , parieto-occipital junction (Tsao et al. 2003) in controls, but revealed hypoactivation in AD subjects in these regions. However, a hyperactivation was seen in alternate networks (Prvulovic et al. 2002; Stern et al. 2000) , presumably due to a discontinuation of prefrontal modulation (Bentley et al. 2008; Yener et al. 2009) or to a compensatory strategy (Pariente et al. 2005) .
In this short review we will focus on the neurodynamics and cognitive response oscillations in AD and encompassed comparative studies on healthy elderly controls, de novo or medicated AD subjects. We will have a special emphasis on the results of our groups on visual evoked and visual event related oscillatory responses or coherences, in two groups of mild AD and healthy elderly subjects.
Results on oscillatory brain dynamics in Alzheimer's disease

Short state of electrophysiology
To date, many signal-processing techniques were utilized in order to reveal pathological changes in spontaneous EEG associated with AD (Jeong 2004) . Theta activity in the spontaneous EEG had been reported to be different in AD than controls (Yener et al. 1996) . Furthermore, spontaneous EEG has been suggested as a useful predictive technique in patients with mild cognitive impairment who will later develop AD (Cichocki et al. 2005 Rossini et al. 2006 Buscema et al. 2010) . The use of quantitative evaluation of only certain periods of spontaneous EEG poses some limitations in reflecting responses in different frequency bands. Temporal summation of EEG responses after stimulation is different in AD than controls (Polich and Herbst 2000) . The search for the functions of brain oscillations is now an important trend in neuroscience, since oscillatory activity in various frequency bands may reflect different aspects of information processing (Başar 1980 (Başar , 2004 Karakaş et al. 2000; Buzsaki 2006) . It is now clear that even the simplest cognitive functions involve large-scale neural networks, and most of the results gained after most of the results obtained from EEG or derived techniques attempt to describe the related networks (Başar 1999) . Coherence (Gardner 1992) or phase-locking statistics (Maltseva et al. 2000; Lachaux et al. 2002; Bruns 2004 ) are some of the common techniques used to evaluate those relationships. The number of reports is rapidly increasing, as presented in a recent review on brain oscillations in cognitive impairment . Electroencephalography and event related potentials are proposed by several authors as biomarkers in Alzheimer's disease (For a review see, Jackson and Snyder 2008) . A number of studies have been published related to the analysis of oscillatory dynamics in mild cognitive impairment (MCI) and AD patients, and several groups (Babiloni et al. 2006a (Babiloni et al. , 2007 (Babiloni et al. , 2009 ) have published core results on EEG rhythms in MCI patients. Zheng-yan (2005), Hogan et al. (2003) , Güntekin et al. (2008) , Yener et al. (2007 Yener et al. ( , 2008 Yener et al. ( , 2009 ) and Dauwels et al. (2009) published results on Alzheimer patients. Our research group and other groups on the topic of neuropsychiatric disorders initiated several reports on cognitive processes in schizophrenia (Başar-Eroglu et al. 2009 ) and in two different states of bipolar disorders (Ö zerdem et al. 2008a, b) . The publications mentioned primarily aimed to show the changes in oscillatory behavior in the abovementioned diseases. However a more important goal of these series in clinical applications is the enrichment of the general knowledge of the nature of cognitive processes by observation of electrophysiological failures, which, in turn, may elucidate the normal functionality.
Definition and preliminary results on oscillatory dynamics in AD Resting, eyes-closed EEG data were recorded in MCI and 65 AD subjects by Babiloni et al. (2006a) . The EEG cortical sources were estimated using low-resolution brain electromagnetic tomography (LORETA). Cortical EEG sources were correlated with MR-based measurements of the lobar brain volume (white and gray matter). A negative correlation was observed between the frontal white matter and the amplitude of the frontal delta sources across the mild cognitive impairment (MCI) and AD subjects. Babiloni et al. (2007) tested the hypothesis that EEG rhythms are correlated with memory and attention in the continuum from MCI through to AD. Their results suggested that the cortical sources of resting delta and alpha rhythms correlate with neuropsychological measures of immediate memory. A recent study by Babiloni et al. (2009) indicated an information flux in the direction of parietal to frontal. Also, EEG functional coupling for alpha and beta rhythms was stronger in normal elderly than in MCI and/or AD patients (Karrasch et al. 2006) . Hogan et al. (2003) examined memory-related EEG power and coherence over temporal and central recording sites in patients with early AD and a normal control group. While the behavioral performance of patients with very mild AD did not differ significantly from that of normal controls, the AD patients had comparatively reduced upper alpha coherence between the central and right temporal cortex.
Zheng-yan (2005) stated that, during photic stimulation, the inter-and intra-hemispheric EEG coherences of AD patients were at lower values in the alpha (9.5-10.5 Hz) band than those of the control group. The author reported that, during a 5 Hz photic stimulation, the AD patients had significantly lower values of intra-hemispheric coherence in right centro-parietal and left centro-occipital electrode pairs for theta band; in the left centro-parietal, left centrooccipital and right temporo-occipital electrode pairs for alpha band; and both sides of parieto-occipital and of centro-occipital and right temporo-occipital electrode pairs for beta band oscillations.
The results presented by Missonnier et al. (2006) indicate that a decrease in the early phasic theta event related oscillation's power during working memory activation may predict cognitive decline in MCI. This phenomenon is not related to working memory load, but may reflect the presence of early deficits in directed, attention-related neural circuits in patients with MCI.
According to the few published event related oscillation studies, it can be concluded that the left frontal and central areas in AD patients are those regions of the brain that show the most evidence of effects associated with AD (Yener et al. 2007 . In these studies, it was clearly demonstrated that the most-affected frequency-bands upon the application of the oddball paradigms were in central areas at the delta and theta bands . Lower values of phase locking were observed in the theta band in the left frontal area (Yener et al. 2007 ). The relevance of these findings is that the most fundamental components of the oddball paradigms are delta and theta responses. Karrasch et al. (2006) reported in their ERD/ ERS study that both AD and control groups showed Cogn Neurodyn (2010) 4:263-274 265 event-related synchronization during retrieval period in theta frequency band (5-7 Hz), i.e. a frequency range which is commonly considered to be related to working memory, and surprisingly do not differ between the groups, whereas significant differences have been noted in the alpha (7-17 Hz) range over frontal, central and left temporal electrodes in event-related synchronization in AD (Karrasch et al. 2006) . It is also important to emphasize the effects of medication on event related oscillations in AD patients. Drugs have been reported to have local effects on theta phase synchrony in the left frontal areas and to have long-range connection effects on the alpha evoked coherence in the left fronto-parietal electrode pairs (Yener et al. 2007; Güntekin et al. 2008) . Güntekin et al. (2008) investigated event-related coherence of patients with AD forms of dementia using a visual oddball paradigm. A total of 21 mild, probable AD subjects were compared with a group of 19 healthy controls. The AD group was divided into the untreated (n = 10) and those treated with a cholinesterase inhibitor (n = 11). The authors found that the control group showed higher values of evoked coherence in the ''delta'', ''theta'' and ''alpha'' bands in the left fronto-parietal electrode pairs compared to the untreated AD group. The healthy subjects showed higher values of event related coherence in the left fronto-parietal electrode pair in the theta frequency band and higher values of event related coherence in the right fronto-parietal electrode pair in the delta band when compared to the treated AD group. Scope of our research group in the analysis of AD electrophysiology As mentioned previously, here we included analyses of phase locking, changes in amplitudes of oscillatory responses and coherences in two groups of AD subjects and healthy elderly controls.
Phase locking
Phase locking is a manifestation of synchronization between individual neurons of neural populations upon application of a sensory or cognitive stimulation. The sensory or cognitive inputs can originate from external physical signals or can be also triggered from internal sources. Several publications report phase locking of theta oscillatory responses as a result of cognitive load in P300 target paradigm (Başar Eraglu et al. 1992; Demiralp et al. 1994; Klimesch et al. 2004) . Some authors discuss the occurrence of coherence as a consequence of links between fronto-parieto-hippocampal circuitry during cognitive performance (Klimesch et al. 2008; Demiralp et al. 1994; Kahana et al. 1999; Buzsaki 2002) .
Healthy subjects show strong theta phase locking in prefrontal area in P300 paradigm (Fig. 1) . The principle of superposition describes integration over the temporal axis, consisting of a relationship between the amplitude and phases of oscillations in various frequency bands. Furthermore, selectively distributed and selective coherent oscillatory activities in neural populations describe integration over the spatial axis (Başar 1980) . Consequently, integrative activity is a function of the coherences between spatial locations of the brain; these coherences vary according to the type of sensory and/or cognitive event and possibly the state of consciousness of the species (Başar 1999 (Başar , 2004 . The publications of Bressler and Kelso (2001) emphasize that the coordinated large-scale cortical network, in which the participating sites are much more interrelated to one another than to non-network sites. These coordinated areas undergo re-entrant processing, and later re-entrant interactions will constrain the local spatial activity patterns in these areas. In this manner, re-entrant transmissions define local expression of information. As areas interact reciprocally, some areas reach a consensus through the process of large-scale relative coordination, in which those areas temporarily manifest consistent local spatial activity patterns. This mechanism also provides a dynamic creation of local context in a highly adaptive manner in visual functions. Varela et al. (2001) state that the emergence of a unified cognitive moment depends on the coordination of scattered parts of functionally specialized brain regions. The mechanisms of large-scale integration enable the emergence of coherent behavior and cognition (Varela et al. 2002) . These authors argue that the most plausible candidate is the formation of dynamic links mediated by synchrony over multiple frequency bands. Von Stein and Sarnthein (2000) propose that long-range fronto-parietal interactions during working memory retention and mental imagery evolve instead in the theta and alpha (4-8 Hz, 8-12 Hz) frequency ranges. This large scale integration is performed by synchronization among neurons and neuronal assemblies evolving in different frequency ranges. Yener et al. (2007) described phase locking of eventrelated oscillations in a pilot study involving patients with Alzheimer-type dementia (AD). Theta oscillatory responses of 22 mild probable AD subjects (11 non-treated, 11 treated by cholinesterase inhibitors) and 20 healthy elderly controls were analyzed using the conventional visual oddball paradigm. They compared theta responses of the three groups within the range 4-7 Hz at the frontal electrodes. At F 3 location, theta responses of healthy subjects were phase locked to stimulation and theta oscillatory responses of non-treated Alzheimer patients showed weaker phase-locking, i.e. average of Z-transformed means of correlation coefficients between single trials was closer to zero. In treated AD patients, phase-locking following target stimulation was two times higher in comparison to the responses of non-treated patients. Their results indicated that the phase-locking of theta oscillations at F 3 in the treated patients is as strong as in the control subjects. The F 4 theta oscillations were not significantly different between the groups. The findings implied that the theta responses at F 3 location are highly unstable in comparison to F 4 in non-treated mild AD patients, and that cholinergic agents may modulate event-related theta oscillatory activities in the frontal regions. The responses shown in Fig. 1 were elicited.
These responses were elicited upon target stimuli in a classical visual oddball paradigm from the scalp electrode of F 3 . The thick lines indicate the grand-average of each group; the thin grey lines show averages of single sweeps from each subject in: A. The healthy elderly group (n = 20); B. The non-treated Alzheimer group (AD) (n = 11); C. The treated (cholinesterase inhibitor) Alzheimer group (n = 11).
Amplitude analysis of evoked and event related oscillations
Amplitude analysis of digitally filtered evoked or event related responses provides the opportunity to explore sensory or cognitive neurodynamics. Event-related oscillations (ERO) also provide a useful tool for detecting subtle abnormalities of cognitive processes with high temporal resolution. Yener et al. (2008) analyzed event-related oscillations of patients with AD using a visual oddball paradigm. The AD group consisted of untreated patients and patients treated with a cholinesterase inhibitor. Significant differences in delta frequency range were seen between the groups at mid-and left central regions, (C z , C 3 ). The peak-to-peak amplitudes of delta responses of healthy subjects were significantly higher than either of the two groups of AD patients (Figs. 2, 3 ). For the methodological issues, the reader is referred to reviews by Başar et al. (2010) and by Güntekin and Başar (2010) . Similar to these findings, by means of auditory oscillatory responses Caravaglios et al. (2008) found significant enhancement in delta responses in healthy controls when compared to Alzheimer's subjects (especially at frontal locations). The lack of frontal delta responses regardless of stimulus modality implies a decision making impairment and decreased frontal functioning in mild AD. As shown by Vialatte et al. (2009) , oscillatory responses to steady state visual flickering stimulation have a significantly higher degree of co-occurrence during these stimuli, uncorrelated with ongoing signal synchrony. The oscillatory responses undergo a consistent reorganization during visual stimulation. These findings show paralel to our group's findings on simple sensory visual evoked oscillations in AD. In healthy adults during a conscious visuospatial task, increased prestimulus low-band alpha and decreased poststimulus high-band alpha power were observed (Babiloni et al. 2006b ).
Cholinesterase inhibitors (ChEI) are widely used medication for the treatment of AD. They show cholinergic effects. Although ChEI have positive effects on clinical measures and spontaneous EEG parameters, their influence on brain oscillatory responses have not been explored extensively. Yener et al. (2008) reported that ChEI did not change delta oscillatory responses, but showed increased theta phase locking over frontal region (Yener et al. 2007 ). These studies provided further evidence for the importance of oscillatory event-related potentials in investigating brain dynamics in AD. Yener et al. (2009) compared visual sensory evoked oscillatory responses of subjects with Alzheimer's disease (AD) to those of healthy elderly controls elicited by simple light stimuli. The visual evoked oscillatory responses in AD subjects without cholinergic treatment showed significant differences from the controls and the AD subjects treated with a cholinesterase inhibitor. Higher theta oscillatory responses in untreated AD subjects were seen on the electrode locations over bi-parietal and right occipital regions after simple light stimuli with less, if any, cognitive load. These changes were restricted to the theta frequency range only and were related to location, frequency bands and drug effects. The authors observed that visual event related oscillations elicited after the visual stimuli with a higher cognitive load (i.e. an oddball target) and displayed lower amplitudes in the delta frequency band among AD subjects, regardless of drug effect, over the left and midcentral regions. These differences between the visual evoked oscillations and the visual event related oscillations implied that there were at least two different cognitive circuits that were activated upon visual stimuli in AD patients (Fig. 4) .
Comparison of sensory evoked and event related coherences
Sensory evoked coherences reflect the property of sensory networks activated by a sensory stimulation. Event related (or cognitive) coherences manifest coherent activity of sensory and cognitive networks triggered by a cognitive task. Accordingly, the cognitive response coherences comprehend activation of a greater number of neural Fig. 2 The average delta oscillatory responses (thick lines) as superimposed single trials (thinner lines) in representative subjects from each group; i.e. a healthy elderly subject, untreated AD subject, and treated AD subject Fig. 3 Grand averages of delta oscillatory responses elicited upon visual target stimuli from each group; i.e. healthy elderly controls (n = 20), untreated AD group (n = 11), and treated AD group (n = 11) Fig. 4 Comparison of topology or changes of amplitudes in subject groups after sensory evoked and event related oscillatory responses indicate differential circuitry, depending on the type of stimuli, i.e. sensory or cognitive. Asterisks indicate significance at the level of 0.01 networks that are most likely not activated or less activated in the EEG and sensory evoked coherences. Therefore, event related coherences merit special attention. In AD patients with strong cognitive impairment, it is particularly relevant to analyze whether medical treatment (drug application) acts selectively upon sensory and cognitive networks manifested in topologically different places and in different frequency windows. Such an observation may serve, in future, to provide a deeper understanding in physiology of distributed functional networks and, in turn, the possibility of determining biomarkers for medical treatment.
According to Başar (2006) , the coherence-i.e. the connectivity between brain structures-is selective, depending on cognitive load. This is manifested in the selective distribution of the coherence functions over various brain structures with varying degrees of coherence between 0 and 1. Demonstration of the principle of selective connectivity requires the analysis of oscillations in several neural populations and in several frequency windows. Such analyses and the related findings have been fundamental to the refinement of the concepts of ''whole brain'' and ''cooperation''.
Many studies reported the successful use of EEG coherence to measure functional connectivity (Lopes Da Silva et al. 1980; Petsche and Etlinger 1998; Rappelsberger and Pockberger 1987) . According to these studies, EEG coherence may be considered to be an indispensable large-scale measure of functional relationships between pairs of cortical regions (Nunez 1997) . In epileptic patients intracranial recordings reveal increased synchronization in the beta 2 frequency band related to the cognitive activity (Kukleta et al. 2009 ). However, it is hard to conclude whether this finding is related to normal physiology or epileptic changes seen in the mentioned subkect group. It is also important to mention the studies of T.H. Bullock's research group. Bullock et al. (1995) clearly showed that the connectivity (coherence) between neural groups is a main factor for the evolution of cognitive processes. According to Bullock and Basar (1988) and Bullock et al. (1995) , no significant coherences were found in the neural networks of invertebrates, in contrast to the higher coherences between distant structures that were recorded in mammalian and human brains. The highest coherences were found in the subdural structures of the human brain (Bullock 2006) . Since coherence is, in essence, a correlation coefficient per frequency band, it is used to describe the coupling or relationship between signals for a certain frequency band. According to Bullock (2003) , increased coherence between two structures, namely A and B, can be caused by the following processes: (1) Structures A and B are driven by the same generator; (2) Structures A and B can mutually drive each other; (3) One of the structures, A or B, drives the other. Güntekin et al. (2008) studied the coherence of event related oscillations in patients with Alzheimer type dementia (AD). In responses to a cognitive paradigm delta, theta and alpha coherences were highly reduced in AD patients in comparison to healthy subjects, especially at the left fronto-parietal pair (F 3 -P 3 ) (Figs. 5 and 6 ). The highly reduced delta, theta and alpha responses in AD during a cognitive task indicate the disconnection of cortico-cortical pathways, as shown by other methods (Delatour et al. 2004; Leuchter et al. 1992) . Abnormal fronto-parietal coupling of brain rhythms in mild AD was also shown by Babiloni et al. (2004) . Acetylcholine esterase inhibitors have only a moderate improving effect on coherence, depending on these neural assemblies related to cognitive performance. However, coherence function in lower frequency ranges after a cognitive stimulation seems to be affected more than any other electrophysiological parameter in AD, implying a greater decline in functional connectivity and large-scale networks.
Occipital, parietal and prefrontal cortices; visual system; cholinergic mechanisms in Alzheimer's disease Understanding how the cholinergic system affects visual sensory or cognitive function is important for Alzheimer's disease. When two types of tasks, i.e. deep minus shallow visual stimulation, were given to AD patients and controls, fMRI showed that the right parietal (Hao et al. 2005) , left prefrontal and superomedial prefrontal cortex were less activated by this task effect in AD patients than in controls (Bentley et al. 2008) . The extent of involvement of visual and higher order association cortex increased with greater Fig. 5 Fronto-parietal connectivity (coherence) is decreased in Alzheimer groups relative to control group (n = 19) in delta and theta frequency ranges, whereas the Alzheimer subjects (n = 11) on cholinergic treatment display greater coherence values compared to the untreated Alzheimer group (n = 11). These responses are elicited upon the target stimulation to classical visual oddball paradigm Cogn Neurodyn (2010) 4:263-274 269 test complexity in AD. Visual tests activate both primary and secondary visual areas in dorsal stream (Förster et al. 2010 ). Visual dorsal stream, which involves the parietal lobe, is activated before ventral stream, which includes the temporal lobe. The parietal lobe is activated within 30 ms after occipital activation, occurring at about 56 ms. Visual sensory areas generally continue to be active for 100-400 ms prior to motor output. The feedback processes between sensory, parietal and prefrontal cortices take about 200 ms for an interactive processing. This initial volley of sensory afference through the visual system and involving top-down influences from parietal and frontal regions occur much earlier than the early ERP components (Foxe and Simpson 2002) . Using visuospatial paradigms, these regions are particularly sensitive to cholinergic modulation (Sarter et al. 2001) . Acetylcholine seems to have a role in promoting visual-feature detection or signal-to-noise ratios in sensory processing (Hasselmo and Giocomo 2006) and cholinergic medication can improve a normal pattern of task-dependent parietal activation in AD. Working memory tasks (Saykin et al. 2004) or visual search studies (Hao et al. 2005) indicate an enhancement in prefrontal cortex activity after cholinergic medication, similar to the electrophysiological findings of our group (Yener et al. 2007) . Recent fMRI studies in mild AD/MCI also showed a similar pattern in left prefrontal regions during attentional demands (Dannhauser et al. 2005) . The diffuse innervation of cortical cholinergic neurones (Sarter et al. 2001 ) can lead to cholinergic modulation in both higher-level (e.g. frontoparietal) and lower-level (e.g. visual) areas. It is possible that visual event related oscillatory deficits in AD may be related to reduced cholinergic modulation of visual cortex and attention-related frontoparietal cortices (Perry and Hodges 1999) .
We believe that task related activity (cognitive versus sensory simple stimuli) in anterior regions have modulating effects over parietal regions and over primary visual regions. Another possible influencing factor may well be the coherences between these regions. Coherences between prefrontal-parietal and prefrontal-occipital regions may have a role in determining the resulting activity in parietal (Table 1) . Our findings are consistent with functional imaging studies in AD, showing a relatively greater attenuation of activations in parietooccipital (Bentley et al. 2008; Prvulovic et al. 2002; Bradley et al. 2002) than temporo-occipital areas. Cholinesterase inhibitors may improve visual attention dysfunction (Balducci et al. 2003) as also implicated by electrophysiological studies reported by our group Yener et al. 2007 Yener et al. , 2009 ). Studying medication effects may be achieved by means of electrophysiological methods, especially by oscillatory brain dynamics and coherence. These methods can also provide an opportunity to objectively monitor the medication effects as a frontal enhancement in electrophysiologic responses indicating better cognitive response (Babiloni et al. 2006c ) was observed in cholinergically treated AD subjects. However, there is a need for further studies to clarify this matter.
Concluding remarks
The conclusions of the study can be summarized in two different categories. a. The frontal theta phase locking (i.e. synchronization among single sweeps) is greater in healthy subjects and in the AD subjects treated by cholinergic agents than in the untreated AD group. From the viewpoint of electrophysiology, this finding implies that untreated AD subjects display decreased synchronization over the left frontal area. The treated AD group has a better synchronization and positive response to medication at that specific site (F 3 ). b. The amplitudes of oscillatory responses do not differ between AD subgroups, i.e. those cholinergically treated and de novo groups, implying no effect of cholinergic medication on the amplitudes. Cholinergic agents seem to be more effective on connectivity and synchronization over long distances (coherences) rather than increasing synchronization in local areas (amplitudes) of oscillatory responses in AD. c. In cholinergically treated AD patients, only alpha evoked coherences are increased between left frontal and parietal lobes after cognitive stimulation.
As a consequence of the concluding remarks above, we tentatively assume that the left prefrontal area (F 3 ) has a modulating effect on other parts of the brain, depending on stimulation modality (i.e. sensory or cognitive). However, modulation of the left prefrontal lobe may be different on the projecting areas, depending on the cognitive load of the stimulus. Among the electrophysiological parameters, the event related (or cognitive) coherences comprehend activation of a greater number of neural networks and merit special attention among the assembly of electrophysiological parameters. Therefore, it can be suggested as a candidate electrophysiological biomarker in AD. Other methods, such as phase locking, may also provide insights into cognitive networks and their modulation by neurotransmitter changes.
The pathologically affected regions in AD (i.e. heteromodal association areas) correspond to the default mode network that is active during resting (Raichle and Snyder 2007) . Yener et al. (2009) comparing visual sensory and cognitive responses indicate two different networks depending on the type of stimulus. The authors show that sensory evoked oscillations display increased responses, whereas cognitive responses show decreased responses in prefrontal area in AD subjects. Osipova et al. (2006) report similar magnetoencephalography amplitude increase after auditory sensory stimulation over temporal cortex, whereas Caravaglios et al. (2008) indicate decrease in auditory cognitive oscillatory responses over frontal regions in similar group of subjects.
These observations may serve to increase the understanding in physiology of distributed functional networks and, in turn, the possibility of determining biomarkers for either diagnosis or monitoring of medical treatment in AD. It is also important to state that a greater number of subjects are needed to study either the effects of pharmacological applications or its diagnostic role in diseases that alter brain dynamics.
